Abstract-Measuring the experience of audience of arts events is
I. INTRODUCTION
The impact of the arts is valuable and at the same time hard to quantify. Hence, research about it is complex and not well understood [1] . Given the heavy investment in time, money and effort needed to put together arts and cultural events like theater productions, dances, and art exhibitions, it is important to understand the audience experience in order to measure the success of the event. The main contribution of this paper is a set of heuristics for developing and deploying in the wild a biosensor infrastructure that captures the fluctuations of audience experience throughout the entire event. The aim is to guide future work and provide a foundation for an adequate infrastructure to evaluate audience experience in realistic conditions. While arts and cultural activities are often viewed as "nice to have" and non-essential, several studies have shown that exposure to the arts can bring about benefits to individuals and communities on the whole [2] . "Gifts of the Muse" [3] gives a comprehensive account of the numerous intrinsic benefits of the arts. Developing one's confidence and provoking positive thoughts and feelings through engagement in arts and cultural events help to build socially cohesive commUllltJes [4, 5] . Studies have also demonstrated that arts and cultural events have an effect on perception of quality of life [6] , health and wellbeing [7] , and education [8] . Other than the societal benefits, arts and cultural events also contribute to the economy. According to a 2014 study conducted to analyze the cultural and creative markets in the European Union (EU), the creative industries' revenue was €535.9 billion and more than 7 million people were directly or indirectly employed in arts and cultural activities [9] . The arts sector also generates spending in other sectors, like tourism [5] . In view of the potential benefits for the wider society, research in the arts is important to help realize these positive impacts.
Within the arts community, the players involved also seek tangible feedback to enhance their offer. A core mission of arts organizations is to provide arts and cultural experiences to more people, and to deepen and strengthen the quality of their experiences [2] . Our research involves working closely with people from arts organizations like Holland Dance [10] , ByBorre [11] , and National Theater of China [12] to understand the needs of the community. Conventionally, theaters have used a variety of methods to measure audience experience: questionnaires [13] , interviews [14] , text messages (through mobile phones) [15] and portable hand-held ' clicker' systems [16] . However, people from the arts community felt that these methods have not been optimal. First, data collected from questionnaires and interviews are fragmented. Arts organizers are unable to make improvements that are targeted. Second, the constant operation of a 'clicker' system or mobile phone during a performance may disrupt the theater experience. In view of the limitations of the research methods being used, there is a need to explore novel methods that can provide a less biased and more complete understanding of the audience experience.
In the same line of research, Latulipe et al. conducted lab studies to measure audience response for recorded dance performance by using questionnaires and Galvanic Skin Response (GSR) sensors [17] . Theater directors and dance choreographers who were shown the data were positive of how the information can be valuable to the production of performances. The study supports the view that GSR is a valid representation of audience engagement during performances [18] . GSR refers to the changes in conductance on the skin surface, reflecting activity within the sympathetic axis of the autonomic nervous system (ANS) [19] . Autonomic responses in the skin, e.g., sweating, piloerection, and vasomotor changes, can thus be elicited by various emotional states via the Papez circuit in the limbic system [20] . It has been recognized that increased GSR can be provoked by attention-related stimuli or tasks [21] . GSR includes two variables. The first one is skin conductance level (SCL), indicating the slow and tonic changes measured across many discrete stimuli. The second one is skin conductance responses (SCR) related to specific stimuli, representing the quick and phasic changes imposed on shifts in tonic level in conductivity [22] . However, the study was conducted in a lab. The environmental settings in lab conditions are rather different from theaters, where the audience is physically immersed in the performing environment with the actors, and they share the theater experience with other people.
Li Dong, Head of the National Theater of China's Centre for foreign collaboration and executive producer for Chinese adaptation of War Horse, foresees the use of physiological data from user experience as a form of feedback mechanism to increase audience satisfaction. Such fine-grained data on individual experiences provides a basis for the different artistic teams to objectively analyze their creative work and make improvements to further enhance their work.
Live visualization of audience experience can also enhance the experience itself. We conducted an experiment where we visualized the audience experience during the performance. The creative director, Borre Akkersdijk, stated, "[ .. . ] you can play with the fact that also the audience sees when the rest is losing focus or not ... sort of group control." The ability to visualize experiences of other people attending the event can have an effect on their personal experiences. One can share their experiences with others and also feel part of the group. Such effect can enhance the shared experiences.
Previous studies have used physiological sensors and acceleration sensors to investigate audience response in movies [23] and theater performances [24] , respectively. The studies effectively used novel methods to evaluate audience experiences. However, other uses of the data have not been explored. Visualizing audience experience can function as a feedback mechanism to performers, effectively providing them with information of how audience members are experiencing their work, especially when audience members are not in view (i.e. audience sitting at upper circles). As mentioned before, the real-time stream audience biofeedback can also enhance the feeling of shared experience.
Motivated by the extensive benefits of the arts for the public and the lack of befitting ways to measure audience response, we envisioned an infrastructure for establishing an efficient participatory biosensor network that can be deployed in theaters. The GSR sensors can simultaneously and independently deliver the data from multiple anonymous audience members directly to a central server that processes the data in real-time. The accompanying system enables not only offline processing of the GSR data, but also real-time analysis of the data allowing for visualization or interactive installations.
To achieve this vision, methodological approaches were followed. Adapting the Convergent-Divergent Model as the first step in the Waterfall approach [25] , discussions were initiated with people from the arts community and related work was reviewed to establish a set of requirements that are to be met. Consequently, prototypes were developed and tested using an iterative approach. Emphasis was placed on evaluating prototypes in situ, addressing interdependencies among users, design, technology, and environment [26] . Each experiment built on the lessons learned from previous experiments, expanding our knowledge on conducting audience research in the wild. As a consolidation of our learning, we followed the basic steps similar to [27] in building heuristics. All the issues related to establishing an efficient participatory biosensor network that can be deployed in theaters are identified before 
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Validation , Review Lessons Learned : Figure 1 . Methodologies adopted in our research 2. Cluster the problems and assign categories 3. Develop heuristics categorIzmg them, resulting in a set of heuristics. The described design principles are aimed at researchers and practitioners who are interested in novel methods to measure audience experience, serving as a starting point for future work.
II. METHODOLOGY
Conducting audience research in the wild is a complex task with many uncontrollable variables like the types of performance, the sizes and types of venue, different populations of audience. All of these may affect the design and deployment of the biosensor infrastructure. Therefore we adopted a hybrid methodology as shown in Figure 1 .
For the first step, we adopted a similar process as the one presented by Madgunda and colleagues, the ConvergentDivergent model, consisting of five steps. The first step was collecting requirements by discussing with various users including theater producers, performers, and audiences to understand the requirements to meet for deploying a biosensor infrastructure to measure audience response in a theater. The second step was the feasibility study in which we analyzed the requirements and took steps to develop a prototype. Consequently, the prototype was tested in the wild and evaluations were made to improve the next prototype. Due to the vast differences in performances and environments, the second and third steps were repeated in an iterative process following an agile model. The fourth and fifth steps were validating the requirements and documenting them for later developmental stages.
The iterative methodology similar to an agile model was employed to accomplish steps two and three of the Convergent-Divergent model that resulted in four consecutive experiments. The experiments are described in the next section as the developmental path. Finally, putting together the lessons learned from the four experiments and our personal experiences as experimenters, we used the heuristics methodology to develop valuable knowledge to guide future work. Each of the experimenters identified problems encountered during the experiments individually. Next, the experimenters discussed and eliminated problems that were already mentioned. The remaining problems were clustered and categories were assigned to each cluster. Then, heuristics were developed to address problems at the cluster level.
III. D EVELOPMENTAL PATH
In this section, we describe the developmental path of building and deploying the biosensor infrastructure in the theaters as shown in Figure 2 . An iterative method was used where each experiment resulted in a set of lessons learned that were used to advance the design of the biosensor infrastructure in the following experiment. Concurrently, this methodology completes the two sequential steps two and three in the Convergent-Divergent methodology. The requirements and constraints that were initially gathered through discussions with end users (i.e., theater companies, producers, artists, audience) as well as issues from related work were analyzed and evaluated for feasibility (i.e., Step 2: Feasibility Study). The first prototype was developed to test whether the expected outcomes are achieved; problems encountered were later identified and categorized (i.e., Step 3: Assay and Classify). Due to the many requirements of different nature and the complexity of conducting experiments in realistic environments, where constraints differ across theaters, four subsequent experiments were carried out to test whether the biosensor infrastructure deployed meets the needs of the different end users. Through the four experiments, we gained invaluable experiences that are translated into heuristics. during a performance. The first generation of our sensors consisted of one Arduino UNO board and one Xbee wireless module (for every five users), and noise filter. Five sensors were connected to one main module. As such, we had to cluster audience members in groups of five. Biofeedback of 15 audience members was measured while they watched a play that was specially choreographed to elicit audience response. Based on the measurements that were synchronized with the video recordings of the performance, it was concluded that GSR highly reflect audience response [28] .
From the first experiment, we learned that the data collected should preserve the unique characteristics of the signal we are collecting. There are many sources of artifacts that can influence the physiological signals (e.g., types of electrodes and placement of the electrodes). Being aware of these different sources of artifacts would help in processing the data to maintain its validity. Furthermore, priority of the show should come before the collection of data. The first generation of sensors was cumbersome to wear. It is important to respect the audience and the first priority would be their enjoyment of the theater-going experience.
A second generation of sensors was developed to address some of these issues. We worked on scaling up the system with small form-factor developments in wireless technology and GSR measurements. The Arduino UNO board was changed to a Jeenode board so that the infrastructure could support up to 250 different groups. In other words, a larger group could be measured simultaneously. The Jeenode board also works at different frequencies and uses the RFM12B radio module that can operate at long distances with rather low power consumption. By putting together our own biosensor infrastructure, we can experiment with different solutions to create an adequate infrastructure.
The improved sensors were tested in a second experiment intended to investigate the different responses of local and remote audience members attending a live theater play. At each location, each audience member wore an individual wireless sensor. The wireless sensors have the capability to simultaneously and independently send signals to a central server. The results showed a high correlation between the GSR measurements of the local and remote audience members.
Although the hardware design of the second-generation sensors made it more convenient for audience members to wear and we were able to simultaneously collect data from a larger group of audience and in different venues, we discovered that we had to improve the quality of the collected data.
Subsequently, a third generation of sensors was produced. The sensors were tested in a third experiment with 20 audience members watching a live one-hour commercial dance performance. A more advanced algorithm was adapted from Julien et al. [23] to process the data and to find significant SCR points in audience response. The network performance was also improved by setting up a transmission rate that maximized the capacity of the network.
With the third generation of sensor infrastructure developed, we identified new challenges. We had not explored the possibility of using the data to manipulate visuals, so for the next experiment, we wanted to investigate visualizing audience feedback in real-time.
For the fourth experiment, we developed software that processed the captured data in real-time. During this experiment, 36 people wore the third generation of sensors that collected their physiological responses while they listened to a commercial presentation. The physiological responses were visualized on a digital display. The information provided the presenter and other audience members with an indication of audience engagement.
IV. HEURISTICS
Heuristics are like mental shortcuts that enable people to make quick judgments and handle problems. The set of heuristics should provide a wide variety of perspectives on usability and be as good as possible at explaining usability issues that occur in an actual environment [29] . There are many approaches in creating heuristics. Molich and Nielsen [30, 31] based their heuristics on personal experiences and the years of knowledge they have gathered from teaching and consulting others on usability engineering.
A more structured approach was taken by Dykstra [32] to create a set of heuristics using five steps: 1) listing all usability problem for each program and each participant using competitive analysis, 2) consolidating all the problems for each program, 3) categorizing the problems, 4) deleting duplicate problems and combining problems into fewer categories and 5) developing the final heuristics. Similar to Dykstra but an even more simplified version was used by [27] . They used a threestep approach: 1) identify problems from reviews of different users, 2) assign categories to groups of problems, and 3) create the heuristics to address the problems.
Steps from these previous studies were adopted and similar to [27] , we derived a set of heuristics in three steps: 1) identify problems through interviews with users, personal experiences, and lessons learnt from our experiments, 2) organize problems into categories by eliminating redundant problems and clustering similar problems into categories, and 3) develop heuristics to help avoid the problems. A total of seven heuristics had been derived and they are further categorized into three main areas: A. processes, B. data, and C. system. The aim of our heuristics is to guide future work and provide a foundation for an adequate infrastructure to measure audience experience in realistic conditions. We believe that this set of heuristics is generalizable to other types of biosensors and other applications. For example, measuring students' response in a lecture. In sum, an adequate infrastructure should cover at least three main areas: processes, data, and system.
A. Processes
Processes put the needs of the stakeholders and users before the needs of the audience research. It is pertinent to have a grasp of these needs so that the ultimate benefits of audience research can be realized. The underlying principle of Heuristic #1 is that the experiment does not cause inconvenience or becomes imposing because of a lack of understanding with the stakeholders. From our experiments, we learned that there are many professionals and each one in charge of a number of tasks (e.g. , lighting, scripting ... ). While producers and directors may be interested in quantifying audience experience, they may not have the extra time and cycles for attending to researchers. To avoid unnecessary backlash, extra planning, improved communication, and good organograms would be advantageous apart from the basic guidelines for conducting experiments (e.g., consent forms, questionnaires, questions for the interviews). Other than stakeholders, audiences' needs should not be neglected which is the underlying principle of Heuristic #2. The implementation of a biosensor infrastructure should not affect theater-going experience in any way. We listed some benefits of enjoyable audience experience in our introduction and such benefits can only be obtained if audience needs are placed at the core of the design of the biosensor infrastructure. Regarding ethics, using sensors without personal data ensures privacy of audience members. However, we are aware that deployment of our biosensor infrastructure requires further understanding of ethical issues. All in all, prioritizing stakeholders and users will prompt researchers to closely examine the relationship between technology, design and behavior and think about concerns from multiple angles [26] . In this way, enhance the processes of conducting experiments in realistic conditions. Heuristics #3, #4 and #5 are related to data. A working knowledge of the unique characteristics of the data measured (e.g., GSR) is important so that these characteristics are preserved from the collection to the processing and analysis. Be prepared to cater for the many sources of bad or missing sensor readings due to poor sensor leads, sensor gels, packet loss during radio transmission or other sources. Without data validity, the experiment would be conducted in vain. Therefore, Heuristic #3 serves as a guideline for achieving valid data sets while Heuristic #4 addresses the importance of keeping data. Other than validity, having a complete set of data is helpful. A complete set of data refers to all forms of data collected during the experiment (i.e., video, interviews ... ). These forms of data can help to verify findings and form a more complete picture of audience experience. However, researchers should be aware of the privacy rules of different countries. Note that collecting system data is also important: future experiments with different data processing algorithms may well depend on having recorded detailed timing or packet loss information during the real experiment.
Although visualization may not be a requirement for all experiments, Heuristic #5 was developed to guide the real-time of data gathering. As mentioned in the introduction, visualization can enhance the feeling of shared experience and visualization requires real-time. As it would be difficult to see how running wires to individual audience members would fit Heuristics #1 and #2, we need some form of wireless communication. From experience, wireless communication was effective and efficient in meeting the demands of real-time data gathering.
Design principles of a robust system are embodied in Heuristics #6 and #7. To effectively understand the effect of a performance on different audience members, concurrently measuring audience experience becomes a necessity. Having conducted the experiments in different venues with different sizes of audience, we appreciated a system that is adaptable to these differences. Trial runs would also help to ensure the scale of the actual experiment could be achieved. Last but not the least, experimenters need to be aware of the short time window for attaching the sensors as audience members usually arrive at a performance venue close to the start of a performance. As a result, a system that provides feedback for experimenters to act upon and a system that can be easily deployed are crucial to the success of the experiment.
VI. CONCLUSION
Through the process of developing our unique biosensor infrastructure and deploying it in the wild, we have consolidated our learning and derived a set of heuristics. We consider our heuristics as a starting point. Following them, we have recently conducted a study in China where we measured audience experience of 150 audience members while they watched the Chinese adaptation of the acclaimed theater performance "War Horse" presented by the National Theater of China. Thanks to our heuristics, the experiment has been a success and the results will be reported in an upcoming publication as soon as the data sets are fully analyzed.
